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ILUVWQHWZRUNKDVEHWWHU LQVXODWLRQDQGKLJKHUHIILFLHQF\ZKLOH WKHVHFRQGVKRZVDKLJKHUSRWHQWLDOIRUUHQRYDWLRQ
0RUHRYHUWKHDPRXQWRIKHDWFRQVXPSWLRQSHUQHWZRUNOHQJWKRUKHDWFRQVXPSWLRQGHQVLW\DOVRDIIHFWVWKHKHDWORVV
7KLVPHDQVWKDWWKHUHODWLYHKHDWORVVILJXUHLVQRWDOZD\VFRUUHFWDQGFDQSURGXFHPLVOHDGLQJUHVXOWV
7KHDLPRIWKLVSDSHULVWRGHVFULEHDQGDQDO\]HWKHPDLQIDFWRUVDIIHFWLQJQHWZRUNKHDWORVV$VDUHVXOWDWHFKQLFDO
HYDOXDWLRQIDFWRUZLOOEHIRXQGIRUWKHFRUUHFWFRPSDULVRQRIWHFKQLFDOO\GLIIHUHQW'+QHWZRUNV7KHVDPHIDFWRUPD\
EHXVHGDVDQLQGLFDWRURISRWHQWLDOQHWZRUNHIILFLHQF\LQFUHDVHFDSDFLW\
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GHJUHHKRXUQXPEHUDQQXDOLQWHJUDWLRQRIWKHDYHUDJHGLVWULEXWLRQWHPSHUDWXUHGLIIHUHQFH&K
0HWKRG
7KHZD\WRGHYHORSDWHFKQLFDOHYDOXDWLRQIDFWRULVDVIROORZVILUVWWKHIDFWRUVDIIHFWLQJPDLQKHDWORVVDUHIRXQG
DQGGHVFULEHGXVLQJWKHKHDWPDVVIORZWKHRU\
6HFRQG DSRVVLELOLW\ LV H[DPLQHG WRFRQQHFW WKH IDFWRUV DQGGHVFULEH WKHPDVRQH IDFWRU WKDW FDQGHVFULEH WKH
WHFKQLFDOFRQGLWLRQRIWKHQHWZRUNJLYHDSRVVLELOLW\WRFRPSDUH'+QHWZRUNVDQGHYDOXDWHWKHWHFKQLFDOLPSURYHPHQW
SRWHQWLDO
)LQDOO\WKHUHDOQHWZRUNVGDWDDQDO\VLVLVSHUIRUPHGWRFKHFNWKHFRUUHODWLRQRIWHFKQLFDOHYDOXDWLRQIDFWRU7()
ZLWKWKHUHDOFRQGLWLRQRIQHWZRUNV
Heat loss components in DH networks  
%\GHILQLWLRQWKHUHODWLYHKHDWORVVLVDUDWLREHWZHHQWKHORVWDQGSURGXFHGHQHUJ\HQHUJ\RXWSXWIURPDSODQWWR
WKHQHWZRUN
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%\WKHKHDWORVVGHILQLWLRQDQGKHDWPDVVIORZWKHRU\WKHKHDWIOX[WKURXJKDWZRSLSHG'+QHWZRUNLV>@
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%DVHGRQWKHHTXDWLRQZHFDQVHHWKDWWKHIROORZLQJSDUDPHWHUVDIIHFWWKHQHWZRUNKHDWORVV

x 2YHUDOOQHWZRUNKHDWWUDQVPLVVLRQSUHVHQWO\XVHGLQVXODWLRQPDWHULDOVSURGXFHDKHDWORVVOHYHORIDERXW±
:P.IURPDSDLURISLSHVIRUWKHSLSHVXSWR'1>@
x 7HPSHUDWXUHOHYHORIQHWZRUNGURSRIWHPSHUDWXUHOHYHOLQD'+QHWZRUNZLOOEULQJDERXWWKHUHGXFWLRQRIKHDW
ORVVGXHWRDVPDOOHUWHPSHUDWXUHJUDGLHQWEHWZHHQWKH'+KHDWPHGLDDQGH[WHUQDOHQYLURQPHQW7KHUHGXFLQJ
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WHPSHUDWXUHVFKHGXOH LQ WKHQHWZRUN LVRQHRI WKHHDVLHVWSRVVLELOLWLHV WRGHFUHDVH WKH ORVV LQFDVH WKHUHDUHQR
K\GUDXOLF SUREOHPV DQG FRQVXPHU VXEVWDWLRQV DUH DEOH WRZRUNZLWK ORZHU SDUDPHWHUV DQG GHOLYHU WKH QHHGHG
DPRXQWRIKHDWWRWKHKRXVHKHDWLQJV\VWHP>@/RZHUQHWZRUNWHPSHUDWXUHDOVRKDVSRVLWLYHHIIHFWRQSURGXFWLRQ
VLWH>@
x 1HWZRUNJHRPHWULFDOGLPHQVLRQVRUQHWZRUNKHDWWUDQVPLVVLRQDUHDKHDWORVVLQ'+QHWZRUNVGHSHQGVRQWKHKHDW
WUDQVPLVVLRQDUHDRIWKH'+QHWZRUNZKLFKLQWXUQGHSHQGVRQWKHDYHUDJHQHWZRUNGLDPHWHUDQGOHQJWK,IRWKHU
SDUDPHWHUVLQWZR'+QHWZRUNVDUHWKHVDPHWKHQHWZRUNZLWKDVPDOOHUDYHUDJHGLDPHWHUDQGVKRUWHUOHQJWKZLOO
KDYHVPDOOHUKHDWORVV
x 2WKHUVWKHUHDUHRWKHUIDFWRUVDIIHFWLQJKHDWORVVLQ'+QHWZRUNVOLNHWKHKHDWWUDQVPLVVLRQIDFWRUIURPZDWHUWR
SLSHSLSHZDOOPDWHULDOKHDWWUDQVPLVVLRQIURPSLSHWRVRLOZKLFKPDLQO\GHSHQGVRQWKHVRLOPRLVWXUHFRQWHQW
GLVWDQFHEHWZHHQWKHSLSHVZLQGVSHHGIRUDERYHJURXQGSLSHV>@

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,WVKRZVWKDWWKHUHODWLYHKHDWORVVDOVRGHSHQGVRQWKHKHDWFRQVXPSWLRQSHUQHWZRUNOHQJWK>@6RPHRIWKHDERYH
PHQWLRQHG SDUDPHWHUV KDYH VPDOOHU HIIHFW RQ KHDW ORVV DQGPD\ EH QHJOHFWHG VRPH DUH DOPRVW WKH VDPH IRU DOO
QHWZRUNV EXW PRVW RI WKHP VKRXOG EH WDNHQ LQWR DFFRXQW IRU WKH QHWZRUN HIILFLHQF\ FDOFXODWLRQ DQG QHWZRUN
FRPSDULVRQ
Factor for the characterization of technical conditions in DH networks  
,QRUGHUWRWDNHDOOSDUDPHWHUVDVRQHIDFWRUWKHRYHUDOOKHDWWUDQVIHUFRHIILFLHQWHIIHFWLYHDYHUDJHKHDWWUDQVPLVVLRQ
FRHIILFLHQWFDQEHXVHGDVDFRUUHFWSDUDPHWHUIRUGHVFULELQJWKHQHWZRUNKHDWORVV7KHEDVLFHTXDWLRQIRUFDOFXODWLQJ
WKHRYHUDOOKHDWWUDQVIHUFRHIILFLHQWLV

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

,QRUGHUWRVLPSOLI\WKHFDOFXODWLRQDQGQRWLQFOXGHWKHSLSHLQVXODWLRQPDWHULDODQGWKLFNQHVVSDUDPHWHUVLQWRWKH
HTXDWLRQDQHIIHFWLYHDYHUDJHLQQHUGLDPHWHULVXVHGKHUH*HQHUDOO\DOOGDWDUHTXLUHGIRUWKHFDOFXODWLRQLVDYDLODEOH
IRU DQ\'+QHWZRUN$Q HIIHFWLYH DYHUDJH QRPLQDO GLDPHWHU '1 FDQ EH XVHG LQVWHDG RI WKH DYHUDJH GLDPHWHU
+RZHYHUDQHUURUXSWRGHSHQGLQJRQWKHSLSHGLDPHWHUDQGZDOOWKLFNQHVVVKRXOGEHFRQVLGHUHG
7KHFRPSDULVRQRI'+QHWZRUNVVROHO\E\WKHKHDWWUDQVIHUFRHIILFLHQWZLOOQRWJLYHDQDGHTXDWHUHVXOWWKHQHWZRUNV
ZLWK D KLJKHU DYHUDJH GLDPHWHU KDYH D VPDOOHU KHDW WUDQVIHU FRHIILFLHQW EHFDXVH RI WKH VPDOOHU UDWLR EHWZHHQ WKH
QHWZRUNDUHDDQGGHOLYHUHGHQHUJ\)RUWKLVUHDVRQWKHDYHUDJHQHWZRUNGLDPHWHUVKRXOGEHWDNHQLQWRFRQVLGHUDWLRQ
VLPXOWDQHRXVO\ZLWKWKH.FRHIILFLHQW7KHUHIHUHQFHFRQGLWLRQVRIDOORZHGKHDWWUDQVPLVVLRQZLOOEHFDOFXODWHGEHORZ
7KHKLJKTXDOLW\WHFKQLFDOUHIHUHQFHFRQGLWLRQVDUHGHILQHGDVSUHLQVXODWHGSLSHVFODVVEXULHGLQVRLODWP
GHSWKXVLQJWKHFDOFXODWLRQPHWKRGRORJ\DFFRUGLQJWR(1>@7KHORZTXDOLW\WHFKQLFDOUHIHUHQFHFRQGLWLRQV
DUHGHILQHGDVROGFKDQQHOOD\RXWSLSHVZLWKPPPLQHUDOZRROLQVXODWLRQ>@
$JDSEHWZHHQWKHFDOFXODWHGRYHUDOOKHDWWUDQVIHUFRHIILFLHQWIRUKLJKTXDOLW\DQGORZTXDOLW\WHFKQLFDOUHIHUHQFH
FRQGLWLRQVLVVKRZQLQ)LJ)RUWKLVSDUDPHWHUWKHGLIIHUHQFHEHWZHHQROGDQGQHZLQVXODWLRQLVDERXWWKUHHIROGDV
DOVRFRQILUPHGE\RWKHULQYHVWLJDWLRQV>@,WFDQEHVHHQWKDWIRUWKHFRUUHFWFRPSDULVRQRIJHRPHWULFDOO\GLIIHUHQW
QHWZRUNV WKH RYHUDOO KHDW WUDQVPLVVLRQ FRHIILFLHQW VKRXOG EH FRPSDUHGZLWK WKH DYHUDJH QHWZRUN SLSH GLDPHWHU
VLPXOWDQHRXVO\
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)LJ2YHUDOOKHDWWUDQVIHUFRHIILFLHQWIRUKLJKTXDOLW\SUHLQVXODWHGDQGORZTXDOLW\ROGFKDQQHOOD\RXWSLSHV
%RWKOLQHVLQ)LJFDQEHGHVFULEHGE\SRZHUIXQFWLRQVZLWKWKHVXIILFLHQWDFFXUDF\5VTXDUHGYDOXHVDUH
DQGUHVSHFWLYHO\ZKHUHWKHORZTXDOLW\FRHIILFLHQWLVGHVFULEHGE\WKHIROORZLQJIXQFWLRQ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,QRUGHUWREHWWHUH[SUHVVWKHUHQRYDWLRQSRWHQWLDORUWHFKQLFDOHYDOXDWLRQIDFWRU7()RIWKHQHWZRUNWKHSHUFHQW
VFDOHFDQEHXVHG:KHQ7()LVLWPHDQVWKDW WKHQHWZRUNKDVQRUHQRYDWLRQSRWHQWLDODQGWKHQHWZRUNKHDW
WUDQVIHUFRHIILFLHQWLVWKHVDPHDVWKDWIRUSUHLQVXODWHGSLSHVZLWKWKHVDPHLQQHUGLDPHWHU:KHQ7()LVLW
PHDQVWKDWWKHQHWZRUNLVLQWKHVDPHFRQGLWLRQDVDORZTXDOLW\QHWZRUN7()!FRUUHVSRQGVWRDKLJKHUKHDW
WUDQVIHUFRHIILFLHQWWKDQWKDWLQFDVHRIWKHORZTXDOLW\SLSH,WPD\DOVREHDVLJQWKDWFORVLQJRIWKLV'+QHWZRUN
VKRXOGEHFRQVLGHUHGEHFDXVHRIWRRORZKHDWFRQVXPSWLRQGHQVLW\
%DVHGRQWKHDERYHPHQWLRQHGDVVXPSWLRQVWKHWHFKQLFDOHYDOXDWLRQIDFWRURI'+QHWZRUNVFDQEHH[SUHVVHGDV
IROORZV

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Case specific calculations 
,Q(VWRQLDWKHGDWDRIQHWZRUNVZLWKGLIIHUHQWJHRPHWU\IRUWKHQHWZRUNOHQJWKIURPWRPHWHUVKDV
EHHQDQDO\]HGLQRUGHUWRFKHFNWKHLU7()FRUUHODWLRQWRWKHUHDOFRQGLWLRQLQQHWZRUNV7DEOH7KHDYHUDJHZHDU
RIQHWZRUNSLSHVIRUDOOFDVHVLVKLJKHUWKDQ\HDUVDQG'+QHWZRUNVKDYHPRVWO\WKHFKDQQHOOD\RXW
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$OOQHWZRUNVFDQEHGLYLGHGLQWRWKUHHJURXSV

x 7KHQHWZRUNV1R±DQGKDYH OHVV WKDQRISUHLQVXODWHGSLSHVDQG WKH LQVXODWLRQFRQGLWLRQ IRU WKH
FKDQQHOOD\RXWSLSHVLVSRRU
x 1HWZRUNV1R±DQGLQFOXGHDERXW±RISUHLQVXODWHGSLSHVWKHLQVXODWLRQFRQGLWLRQVIRUWKHUHVW
LVUHODWLYHO\JRRG
x 1HWZRUN1RDQGFRQVLVWVIRU±RIWHQ\HDUROGSUHLQVXODWHGSLSHV1HWZRUNQRLVWKHUHIHUHQFH
DVDQDYHUDJH6ZHGLVKQHWZRUN>@


)LJ2YHUDOOKHDWWUDQVIHUFRHIILFLHQWIRUKLJKTXDOLW\SUHLQVXODWHGDQGORZTXDOLW\ROGFKDQQHOOD\RXWSLSHVWUHQGOLQHVDQGFDVHVSHFLILF
FDOFXODWLRQUHVXOWV
 5HVXOWVDQGGLVFXVVLRQ
7KHFDOFXODWLRQUHVXOWVFRQILUPWKDWPRVWRIWKHDQDO\]HGQHWZRUNVKDYHDKLJKKHDWWUDQVPLVVLRQFRHIILFLHQWZKLFK
LVFORVH WR WKH ORZTXDOLW\ UHIHUHQFH OLQH6RPHVPDOOQHWZRUNVKDYHHYHQDKLJKHU.IDFWRU WKDQ WKH ORZTXDOLW\
UHIHUHQFH OLQH WKLV FDQ EH H[SODLQHG E\ZRUVH LQVXODWLRQ FRQGLWLRQV GXH WR WKH VPDOOHU ILQDQFLDO SRVVLELOLWLHV IRU
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UHQRYDWLRQ)LJ7KRVHQHWZRUNVUHTXLUHKLJKHUDWWHQWLRQDQGLQVXODWLRQUHQRYDWLRQZRUNVKDYHWREHGRQHDVVRRQ
DVSRVVLEOH/DUJHUQHWZRUNVXVXDOO\KDYHDERXWRISUHLQVXODWHGSLSHVEXWWKHLPSURYHPHQWSRWHQWLDO LVVWLOO
KLJK7KHQHWZRUNVZLWKKLJKHUDYHUDJHGLDPHWHUVKDYHORQJWUDQVPLVVLRQOLQHVIURPKHDWSODQWVWRFRQVXPHUVDQG
GHVSLWHWKHIDFWWKDWRQHQHWZRUNKDVUHODWLYHKHDWORVVRYHULWFRXOGEHFRQVLGHUHGDFRPPRQQHWZRUN
:HFDQFRQFOXGHWKDWWKH7()DVDQH[SUHVVLRQRIHIIHFWLYHDYHUDJHKHDWWUDQVPLVVLRQFRHIILFLHQWIRULQVXODWLRQ
DQGDYHUDJHGLDPHWHULVDYDOLGIDFWRUWRFRPSDUHWKH'+QHWZRUNVLQVXODWLRQTXDOLW\DQGQHWZRUNKHDWWUDQVPLVVLRQ
SHUIRUPDQFH7KHGHVFULEHGPHWKRGRORJ\UHTXLUHVDGGLWLRQDOFDOFXODWLRQVIRUWKHIROORZLQJ'+QHWZRUNFDVHV

x 2YHUJURXQG'+QHWZRUNVGXHWRWKHZLQGSUHFLSLWDWLRQVDQGVRODULPSDFWRQKHDWWUDQVIHUKDYHQRWEHHQWDNHQ
LQWRDFFRXQWFRQYHFWLRQKHDWWUDQVIHUVLQFHWKHUHIHUHQFHOLQHVDUHQRWVXLWDEOHIRUWKHVHFDVHV
x 1HWZRUNVZKHUHVRLOSDUDPHWHUVDIIHFWKHDWWUDQVIHULQWKHIRUPRIPRLVWXUHLQFDVHRIZHWVRLOUHIHUHQFHOLQHV
VKRXOGEHKLJKHUEHFDXVHRIKLJKHUKHDWWUDQVIHUIURPWKHSLSHRXWVLGHVXUIDFHWRVRLO
x &RPSOLFDWHGQHWZRUNVZKHUHPRUHWKDQWZRSDUDOOHOSLSHVDUHXVHGRUSLSHGLDPHWHUVDUHGLIIHUHQWIRUWKHVXSSO\
DQGUHWXUQSLSHVWKHOHQJWKRISLSHVVKRXOGEHWDNHQLQWRDFFRXQWLQVWHDGRIWKHQHWZRUNOHQJWK

:KHQFRQVLGHULQJSUHLQVXODWHGSLSHVWKHGLIIHUHQFHEHWZHHQGLYHUVHLQVXODWLRQFODVVHVDQGVLQJOHRUWZLQSLSHVLV
WRRVPDOODQGWKLVFDQQRWEHWDNHQLQWRDFFRXQWLQWKH7()FDOFXODWLRQ)RUWKHFRUUHFWUHVXOWLWLVLPSRUWDQWWRSD\
DWWHQWLRQ WR WKHDYHUDJHGLDPHWHUDQGQHWZRUN WHPSHUDWXUHGDWDDVXIILFLHQWGDWDEDVHRISLSHJHRPHWU\VKRXOGEH
DYDLODEOHDQGIRUWHPSHUDWXUHFDOFXODWLRQWKH6&$'$GDWDIURPGLIIHUHQWQHWZRUNSRLQWVVKRXOGEHDQDO\]HGDVZHOO
DV WKHWHPSHUDWXUHRISLSHVXUURXQGLQJPHGLXP(VSHFLDOO\ LQFDVHRIQHWZRUNVZLWKPDQ\SLSHVORFDWHGLQKRXVH
EDVHPHQWVHJWUDQVLWOLQHVWKHQHWZRUNWHPSHUDWXUHOHYHOVKRXOGEHFDOFXODWHGPRUHDFFXUDWHO\
&RQFOXVLRQ
$QDQDO\VLVRIIDFWRUVLQIOXHQFLQJGLVWULFWKHDWORVVZDVPDGHDQGWKHUHVXOWGHVFULEHGDVDPDWKHPDWLFDOHTXDWLRQ
7KHPRVWLPSRUWDQWIDFWRUVDUHQHWZRUNWHPSHUDWXUHOHYHOLQVXODWLRQKHDWWUDQVPLVVLRQFRHIILFLHQWQHWZRUNDYHUDJH
GLDPHWHUDQGOHQJWK$VDUHVXOWDQRYHUDOOQHWZRUNKHDWWUDQVPLVVLRQFRHIILFLHQWZDVIRXQGDVPRVWVXLWDEOHIDFWRU
IRUWKHQHWZRUNLQVXODWLRQTXDOLW\DQDO\VLVDQGHIILFLHQF\FRPSDULVRQEHWZHHQQHWZRUNV7KH.IDFWRUGHSHQGVRQWKH
SLSHJHRPHWU\DQG WKDW LVZK\ LW VKRXOGEHXVHG VLPXOWDQHRXVO\ZLWK WKHDYHUDJHGLDPHWHURI UHIHUHQFHQHWZRUN
0RUHRYHULQRUGHUWRH[FOXGHWKHSLSHDQGLQVXODWLRQPDWHULDOSURSHUWLHVDQGWKLFNQHVVWKHDYHUDJHLQQHUGLDPHWHU
VKRXOGEHXVHG
)RUDEHWWHUFRPSDULVRQRIQHWZRUNVWKHWHFKQLFDOHYDOXDWLRQIDFWRUZDVRIIHUHGDVDGHJUHHRIUHQRYDWLRQSRWHQWLDO
IRUWKHQHWZRUNLQVXODWLRQ7KH7()ZDVFDOFXODWHGIRUQHWZRUNVZLWKGLIIHUHQWUDWHRISUHLQVXODWHGSLSHVDQGWKH
FRUUHODWLRQZDVFRQILUPHG
,QVXPPDU\ WKHUHODWLYHKHDW ORVVQXPEHU LVQRWDFRUUHFW IDFWRU IRU WKHQHWZRUNHYDOXDWLRQEHFDXVHKHDW ORVV
GHSHQGVRQPDQ\RWKHUSDUDPHWHUVDQGQHWZRUNLQVXODWLRQZLWKKLJKUHODWLYHORVVPD\ZRUNZHOODQGYLFHYHUVD,Q
FDVHRIQHWZRUNVZKHUHDVLJQLILFDQWDPRXQWRISLSHVLVQRWLQWKHJURXQGIRUWKH7()FDOFXODWLRQDGGLWLRQDOFRUUHFWLRQ
IDFWRUVDUHUHTXLUHGIRUWKH7()FDOFXODWLRQ
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